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(57) Abstract 

A method for producing an SOI substrate having a 
monocrystalline oxide substrate or silicon substrate, an insulating 
imderlying layer of an oxide dqxxsited on the substrate, and a 
silicon layer epitaxially grown on the underlying layer comprises 
implanting ions into a first silicon layer epitaxially grown on an 
insulating underlying layer to turn the interface deep portion of 
the silicon layer amorphous, recrystalizing the amorphous 
interface de^ portion by annealing, oxidizing part of the surface 
portion by heating, removing the silicon oxide layer by etching, 
growing a second silicon layer epitaxially on the remaining first 
silicon layer, implanting ions again into the silicon layer to turn 
the mterfacc deep portion amorphous, and rccrystalizc the 
amoiphous deep portion by annealmg. Thus, an SOI substrate 
having a silicon layer of an extremely small crystal defect density 
and having a good surface planarity is produced. Therefore, a 
novel electronic or optical device having a high device 
performance and a high reliability is built on such a 
semiconductor substrate. 
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H ^m^hrzm^. 2 v<ojS6/NW 77. ^M-r -5 1 ^ ^^TSist ufcst 

mSit«l 0-^'AU4T. fflE:g8 5 0 nm. 1 W/c m^cD^a^WT-ecD^tflSSi 

Tin 0-10 AJe;±<!itie»#tt;i^#e>n-5. ;ic5J:-5n. sois«T'«. m 



wo 00/19500 PCT/JP99/0S231 
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(mmm 1 ) 

fetC«kO. ^:giaS9 5 O'Cf'T, 2 8 0 nin©^ 1 (^x U □ 

z.(F>'m\o'y^)^ym\z. mi^-r^^^AtuT. ssiaa^so'ctc^^-^;^!:*^?). 

X^;i/^-l 9 0 k e VO>''j3>'f:t>S:l X 1 0 ' Vc m^^XbT, 1^-77 

H^Tv tags 5 0*0^3 o^i-Pa^. m^T, iag?9 0 o'CTe o^^rs^ojin^^ffls* 
u □>ioii^n. 10 0 nm-easofc. 

^2(DviJ=i>^(Di^^JP<&a(l5eLfc<hC5. 2 8 0 nmT*ofco ^0m2cD'> 
'Jn>lf'^2 0>f:i->aA<i:L'T, a«iaS0*Ctc:(!g-^^j:;5^^, x^^P^- 
1 9 0 keVCOv''Jii>'f^>Sl X 1 O'Vcm^aXt, 1t:7 7^T«h(0^® 

5 5 O'CTS O^W. ig!Jl/>Tiag9 0 0"C-e6 O^^IOilDMSSrff V^, '>U3> 
ISrSi^refbLfc, J*:(C. (in^r^^b^PfcSAL, 1 0 0 0'CfC:}3t.iT6 O^WtK 
i^^gf^kbfc. ^LT. cn^BHFtcaUTgl^kl^^l^^Lfcm, StJ^9 0 ot: 

(c*5ViT5 o^i-PaiTK.^msiiktfc,. ^c^mmm.^\^tzti\ i^*'^o->'j=i>i 

romiPfi, 1 0 0 nmtrfecfco 
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TtE(D^mrmmLxx.y^\fy h^mf&Lfzm, ^^mn'f-mM (sem) ^ 



(1) ss^/^5'y-;^4'TS^iS^5fe^t-rs. 

(2) 2%HF7Kmm^m^^x^m<D^mmitm^f^^^-r^o 

(3) ii67K-e^-A*-7D--rso 

(4) I 2 (4g) +KI (1 2 g) (4 0 c c) +H2O ( 

4 0 c c) +HF (3 c c) (Dm^x'U'&LrcJL^y^yifm\zmm^4 sm^mrT, 

(5) ma^T'^-z-^-yn-m. 5t® (2). (3) ^m^oM-tc 

^(D^^. m^ifimmmi. 5. ox 1 O'^/cm^ir^ofc. 
tj. (0 04) (040) (DD»y^>i^;^-ycD^MtiS:?|iI^tfc. 

^(D^M. 0 2^Cck^^5:*-■//&^^#en, c:n$:t><ht3jK46e>n;t (0 0 4) ® 

©^MilitiO. 18 2^TfeO, (0 4 0) ®<D^fli'littO. 12 6T*ofco ^ 
fz. ms\z^r^^\z. (0 4 0) ^^aiiH 

^fc, m'Fm:hmmm\z^^ . iyvziymo^^mm.-^ (Rrms) ^m^vtzt 

1. 4nmT*Ofc. 

□ y-hfiO. 8 5^n>©n§lMOSFET^f^MLfco 04lC'rA*'rx© 
»f®0<^^-r. il<Dm. ^^5i-!?ttlc:fiLOCOS (Local Oxida- 
t ion) ^ffll/i, y-hmfl:Ma)©^(i8 nmitfco ^+^;Hc:ti, BF2* 
S:, x:^;U^-3 5Ke VI:. 6. 0 x I 0 * Vcm^aAL/fco 

;iOn^MOS FETOL^VimffifiO. 7VTfeO, HI 5 omSit-mffiffi^75^ 
e. 5^-75^ "Settle. +>^{Cck^ KU"t'>€Sli®^ift(i*-?>ti;i*^orc„ SAc. 
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Zfy h -y—h ' JJ^;!/^-^ • 7.^^ x>->X'r (S V g) T-M5:fTt\ 

X\t^-^7 5 5^o>, iJi 1 5^n><hU;t. n^^^ll^, X:?^;i/^-3 5 ke 
V-CAs^^2. OX 1 0 ^ Vcm^aALfeo P^MlltlCtS. 
3 5keVT-BF2'"*2. OX 1 0' Vcm^jiXLfc. nmmmiZ2Y(D/U7 
7.^WiSl\^tzm. «^^mt2. 7 X 1 O-'^'A, SigS 5 0 nmT^Sd^ 
lW/'cm''<7)3tBgltT^3i5^j■S^m8S^i4. 8X 1 0-'°ATfe-:5fco 

:giaS9 5 0*CtlT^$ 2 8 0 nm(7)||l Ov'U H >MS:iftllbfco d©^— ®v 
•J3>113. g^M^^O'ClC^-S^cA^e, X^;P^- 1 9 0 k e VOi'U^W 
:t><&l X 1 0 ' Vcm^aXL, Dry 7^ 7 t(D^mm^7^)iy 7 X^tlyfZo 
^wm. ^m;)?X#ffl^T. ia^5 5 CCTS O^^-FbI, igV^TM9 0 0t:-C6 0 

10 0 o-cii^tiTe o^^raiTtc^^^if^kbfc. ^lt. :in^BHFizmi^xmit 
m^w^vTz'^. nzS9 0 o'cjcij^.iTs 0 5)-rBi7K^mg^{bufc. z^mtm^m 

^Vrzt:i^, ^^B^|ife^*{i4. 3X 1 0«1@/cm2-e&0. ll2H*-rcfc3 
\Z. (0 0 4) ®«)¥M'lii«0. 2 7 0g^T?*0, (0 4 0) ®C7)^M'tS« 
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0. 2 7 8gT?a&o7t. satc^-Tck^fc:, (0 4 0) m<D^mmt. ->'J 
^ffiia^ (Rrms) it2. 5 nmX'$>ofCo 

3. 2 X 1 0"^' WHzTSO, Nss«, 0 6 H^l" J;-5 {C> 
5. 0X1 0 ^Vcm^T^O^. 

ijitS:tlJ!tLfcic:5, mmm^tl. 4X l O-^^ATSO, 
9. 2X1 0-i» AT^ofe. 

>'Un>lOISff;in 0 0 nmomiSOI£0^t)-&SO I SrfflV\ *Jifi«^ 1 i:!^ 
e>{::, 7'J«>*-y^X§Sy^Lfc<hz:5, Svg«3. Txio-^^WHz 

(^M0!l2) 

^ 2 © V U 3 >« ^f^^-r^l^Jl. t / v 7 >S:ll!|i4 1 UH V - C V D ri{; 

^Lfc<»::i5. m^xmmm\t2. sxiom/cm^r. (oo4) o^miIs 

0. 16 7g, ( 0 4 0 ) <7)i|^M*i 0 . 12 0^Tfe^feo ( 0 0 4 ) fficO^Mifiti 
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iJii>JicDMfeS (Rrms) \tl. OnmT^-zsrc. 

^}ytl-y-(Xt^mW^^m^PJ^l^tztZ.^. Svg9. 2X10-^' 
V^/Hz, Nss7. 5X 1 O^Vcm^^-Cfeoi/to 

^Lfzt:!^. m^mifZf(k^mit6. 8X 1 O^M/cm^T. (0 0 4) <D^m^ 
0. 2 0 (0 4 0) ©^J^ttiliO. 1 4 OgT^ofc. (0 4 0) 

iJi:>l(7)MM$ (Rrms) ftl. 5nmT?*ofc. 

:i<Dm^^m^^x. mmmitmmiznmuosFET^i^mL. v^yvT.^ 

U^y*-y-1'X^#®2p&M^ifl')^bfct^5, Svg2. QXIO-'" 

WHz. Nssl. 6X 1 0 ^Vcm'Tfeofcc 

^mSii^ill^LfctZl^, 4. 0 X 1 0-i2^.J:4. OxiO-'°A-C*o 
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5 0*CllTi^$2 8Onm0mi«)->'Jn>lS:*l«bfco;:(D^l©>' 

-eo^. ^m-ffxmmmrf. urns s or-r-s o^^-PbI s^i^xia^gs o orTs o 

itvfzo z.<Dmim^m^i^rz^<Ds^^j zi>m(Dmm\t, i o o nmx$)-:>fzo 
mz. ^ofc->'j3>ii<7)±{3, ^jz^y>^mntr^LPcvDmz^y). 

m2(Di^^)n>m<Dmmm^m^Lrztz^. 2 s o nmTfeo/t. 

e,. x:i^;i/=t^-l 9 OkeV(Z)->'J3><^>€:lxi O^^/cm^aAb, 1f 

^ffVK i^^jn>m^nB^itbrzc -Aiz. cn^mt^^zmKb. i o oox:\z 
9 0 ox:\zii\^^x 5 o^m7i<im%mtLtzo z<Dmm^f^>^i'rcW:(D'y^)n>m 

(D^JPli, 10 0 nmX$)-DTz. 
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"^l^tztZ.^. 5X 1 O^M/cm^T. (0 0 4) iiO^fflili 

0. I 6 8g. (0 4 0) ®roi|^MtiO. 1 2 OgT^ofc. (0 4 0) ©(D^Miti 

i>'J=i>lc0^m$ (Rrms) SnmTSofe. 

*}y:h-y^xtnmmm^m^m&Lrztz.^. svg9. oxio-^^ 

WHz,Nss9. 1 X 1 0 '°/cm2-efeo;t. 

^«li5E?:»):tbfet:i5, ^>«r, 9. 3xlO-''Ai:6. 5xlO-»°ATSt3 

iiM^ij 1 \z^n^^2<DmMmiz^_^ y')n>m^nm^BitLrzm. z.n^f£ti 
8 oTo r T(DJi^miS7.nm^'pi i o or-ra o^f^mmMm^n^tz^t 
u^\t^mm itmm\zvx so smm^rpmLfzo 

^Lfttc^. m^xm^&itz. 1 X I o«<@/cm2-e, (oo4) 

0. 16 5S[, (0 4 0) Mro¥ffi*SO. 12lS-e*ofc. (0 4 0) 
v'Uii>l©^®a^ (Rrms) tiO. 7nmTSo;t. 

Sj{ii^?>ti-r, HK>WEti7. svx$>-Drzo ^fz. ^mm tmmizLxy 
^)':^ti-y^xt^mm^^^^^m^brztz^. svgs. sxio-'^ 

WHz,Nss6. 0 X 1 0 ' Vcm^-Cfeofco 
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9tnm^9miyrctz^. '^^^ 9. exio-^^Ate. oxio-^°at^o 
fc. . 

(M«sj6) 

SSttT, RM-tj-7 7< 7<Df^br)t, v'J=i> (10 0) S«±{ChUp^5" 

^hfztZ^b. m^mXmW&*^e. 7X 1 CiS/cm^T, (0 0 4) Mc^i^fiitg 
0. 2 0 2g, (0 4 0) ®(^¥M'liO. 1 4 3mX$>^rZo (0 4 0) m(D^B.^ 

>'U3>1®MS$ (Rrms) itl. 5 nml?fe-07to 

^^^m^Lfzt;!^, D€VimJ£«0. 7 VT> =^>^{;J;-5 HU-f >msso^ 

U'y^-y-rXifS^S^&^S^fiteLfc.h^^. Svgl. SxiO'^^ 

WHz,Nssl. 5 X 1 0 1 Vcm^-CafeOfec 

$e>t'> ^mmitmm\zy:thy^yt-\'^r^mL, mmizLx^^mmtytm 

m^m^VTztZ^. 3. 9X 1 O-^^'AiS. BXl Q-'°AX$>-Drz. 

S^itT. R®-tJ-:7 7<7(^)f^bOtc. ->iji:> (10 0) ate±{ch'J^^ 
;i/7;i'5->^Ai:®f^^i^^i-rsuHV-cvDffi^fflt,^T. scrags 8 ox: 

\ZXr-A I jOj^&iillLfcaiS^fflV^fcCtK^^tJ. it^^RJl tTOtCLTS 
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ttO. 2 7 (0 4 0) MW^Mig^O. 2 8 2&'C$>-:>rCo (0 

4 0) '^^)n>mt-^y7^7(D^miZ}Si-:^<\zz>nT:kt<ti-o 
fc, $e>{c:, ->'J=i>l<D^TO$ (Rrms) fi2. 8nin-eS-S)fc. 

7 U «y < X t IfSiPWS^il'l^ Lfc tz^. S v g 

6. 6 X 1 0-1' WHz, Ns s{i8. 9 X 1 0 ' '/ c m^-e^ofc. 

ss$ay^Lfc<hii5, B&msiitti. sxio-^'atsd. ^m?^tt 

8.1X1 O-i'Alffeofc. 
g||±<DflJfflnItH4 

0-AI2O3V MgO-AljOg, Ce02, SrTiOs, 
(Zri_,. Y,) Oy. Pb (Zr. Ti) O3, LiTaOj, LiNbOa^C) 

3l5{c;^cCiii^ x^itg^fi^tt^^r 5«i^xA'< x^^xA'-r X^<7)^^ 
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2. H(Ff3ig^a'>U3>^0, SMlC*rLT¥fT^Cv'JD> (0 0 4) }d-^(D 
xn^muy^>^:ti--':f^mi^f)K 0. 2 4gOT0. 0 3^£^±T*0. 
S^Balc*fLTSit:^j:->'Jn> (0 4 0) tf-^<7)X^[HlfifD >;/+>^*-^*fii 

3. HfIIB/^^H->'J=i>lO, S^®C^bTSit^i:->Uzi> (0 4 0) }d--^(D 

x^isi^f □ y=¥>if:f3'-':f^mmf)^^ MWLm^zn Lxw-m^i^ u n x o o 4 ) tr- 

Wztmoy^mi^miR. 

4. MEi^^>''Jii>10. S^Mt3*i-LTSit;ivUii> (0 4 0) tr-^J7© 
Xi^lHl^O-y^>^;i5j-7'¥fi*S*^. m^:^l^±W\zm-:>Xm^-^X\ 0. 18 

Ki^^To. 0 3m&.±'c&^:it^nwLtir^m^(Dmwmimzum<D¥f^mi^& 

3 X 1 0 ' Vcm^JJtTl X 1 0Vcm2lj;±T^S^l<i:€r^$=m<t 1-^11^(7)15 
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0-AI2O3, MgO-AljOj, CeOz^ SrTiOa, (Zri_,. Y^) Oy. 
Pb (Z r, T i) O3. L i TaOg. L i NbOjOti-m^&^^^^JtcO, ttl^yy 

(a) ^IHffe^i&cDTifiC)±{C, B 1 <^->U □ >®^Jefi£-rsXSi:, 

( b) HaiSm 1 Ox U 3 1 O-f :t >aX€: LTM^Si5S:T^;U7 7 

;^^bb, M7t;i/7 7X{bStifclSrB2<DMgicJ;0«iS^fbf^x@i:. 

1 0 . mm&(Drm(D±\ziKm^m^mi^^>''} =i >mf)m^-^nxu^^mi^m 

( b) Hlil2m 1 © U □ >l{::m 1 ©< ^>aA<^ LTM^SB* 7^ 7 
MtL, ^7^;U7 7X^b$tlfcl^m 1 ©MSfcJ; 0?l,^^{b-rsxe<i:. 
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(d) BufBxg (c) ■vm^^tirc'y^)n>m\:mt:xy^>'^\zj^m^-r 

( f ) Wia^ 2 v U □ 2 (D< :t >aA^ bX^Mj^gUSrTt 7 

1 1. BfilB5^o;tlll©v'J3>^=lrR'f^cDj?^H-r^l^{c, fllBX^ (c) ~ 
(d) & 2 [5liJA±^0 jg-r;i <?:<£#IS<t-rSi»^oram l O^JClB^O^S^t^S 

12. HfllBXig (f) {r:teViTJ^R)c$n^c:'>U3>lS:Mf2X@ (b) tfJ^fig^ 

nfc^^affc$nfcmi<D'>un>ii:E?ib,' tfriexg (c) ~ (f) 2^ 
{b-rsxet. 

(c) mtixm (b) if?^^$nfc>''jii>i?{i:iii<irX';/^>i^{Ccko^£r 
i>x;g<h. 

m 2 o V 'J □ >mt:m^t^xmt. 
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u)^2 ^^i±M <om-t^ii ^^Wi t-t^m^(Dmm'^ i s ^tciBicOii^w^^s 

15. HiflBXig (e) tC*5tiTJ^fig^n/i>'U=]>l?:HfilEIg 

(a) TjgfiK^nfcmi©>'U3>it^feL> Hfjiaie (b) ~ (e) ^, 2151 
ft. 

17. m^&mi\:iSLnmn.'^'-^(fy^Mw<Dum^ e 0 0 t:eii_h 1300 *ceiTTfe 

1 9 . mtmmnm%^'^(f^^^fS!i^n<Dum^ s o o *ceji± 1200 "cot 

20. Bfria^i(DS^'Jii>l<^±ic:> ^/^)^>m^y~^^^i^^)V^&Lx.^ 
2<jy'y^)uym^'m^-t^um^. 5 5 o*ce(±i 0 5 ov.^xv^h^^t^'^^ 

2 1. mFfB^l©->Ui]>l<D±II. ->U3>l<5:Xt!i5'^->^;l'MLT, ^ 
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2 O -> U =1 »i ^ J^^1"'5:^feA^ UH V - C V D^*;t«M B E fe-CfeS H <h 

So 

2 ® -> U 3 >1 ^ J^fig-r ^ A P C V D S fc« L P C V D feT' S ^ :i <h €: 

nMMt^xm^^t^z. t ^^mt-r^m^ommm 9 ^^cv^ u 1 5 xs© v^-r 

2 8. MIBm2(DvU=i>HC-<:t>ftAS:LT^®^g|5S:7^:;U:77X<t;U. 
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3 2. mtmM^^c^ym^-^zfT^T^m.-Tih^zL^^mt.-t^mMwm. 

3 4. mU^^H^(Om\t'^mi)^. a-Al^Oa, r-AljOa. ^-Al^Oj, 
MgO-AljOs, CeOz. SrTiOa. (Zri_^, Y^) Oy, Pb (Zr. 
Ti) O3, LiTaOj, L i NbO3©Vi-rn*^;&^?.>5:0, BiIfB,^^att<7)7 -y-ft: 

!iiM7&5c a F z. t^i^mt-^^m^o^mmm 3 3 mzmmco^^m^m^ 
^ntz^t ^^Wit-r^ ^mw&w.o 

3 6. WIHig^«9;^cViL.3 4©l/i-rn75^ci3«cD!ajg;^tetcJ;0^jt^nfe;i 
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3 8 . mU^mi^y'/U X;5^MO S F E Ttffe 0 , -?-0¥^<*:S«<!: tXIt*© 

3 9. fllBMOSFETj&J, ^©ii^^ft^S^t LT^^O$5fflm 1 ;5:^iL/ 8«(D 

liSH^3 7 3ltCie«ca5ili^^xA-i'Xo 

M 1 b 8 JacDt.^-rn*MCE«0¥#^t:S«^ffl S - <!: J; 0 [S]± 

4 2. fII5^-f :t-Hj5i. ■€-<D¥^{*:S^StLT^jK<^i5fflBl7Ej:^^L8^(7)(<i 
0. 7 tfmg^T<75^«#:S«±{;?gi>5c^nfep i n7:t hrS^-T^- HTfeO> 
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man o-''Aur. 5 o nmn^^finw/ cm^<D^mMyx'(D^mm 

AW X. 

4 5 . mt'^^mwy'/u xj&^mo s f e tts 0 , Btfiex/N'-r 
^^t ^i^WL t-r^m^ommf^ 4 4 ^csEito^^^t:^ a'-t 

4 6 . MHMO S F E T*^. ^(D^mi^^WLt bTii^©iBfflB 9 b 3 4 ^ 

0) t i-rn*^ t3EiSG)8aii;& ft cfc o ®tia ^ nrc^m^&^x& o t . i> u □ > 

10J?$75^O. 0 3/Limti±0. 7Mme^T(7)¥^{4^S1S-hfC?gfig$n/iMOSF 

x>'>x^;&iiJ^^!^i:i o ohzT3x i q-^^WHzOT , 
4 7 . mm^mW-'f/U 7.tVU t^-y h y yV7.^Xh 0 . iftaBx/^-f Xi^ii 
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i^mwy'/u x^mm'r^:^mzi5\^^x. 
(a) mtimm^<DTm(D±\z. mi(0'y^)zi>m^MiSLr^xmt, 

m7'e)i^yT7.if^nrzm^mi(DmMm\zj^m^^Bi\:t^xmt. 

(e) mmxm (d) T'Jge£$nfcvU=i>S^^{l:^4^fflm4'lri5MLT 
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(a) mtif^B^(oTm(D±iz, mio)zyijn>m^f^^-t^xmt. 

xitv. m7=e:}vy7Mt-^nrcm^f^i(Dm9&m\zjzK>mf^^it-r^xmt. 

(c) mmnB^it-^tifzf^KDiy^j ziym^mmnm^'^xmisitmt, « 

(d) mmxm (c) xm^-^nrzi^^ju>mitm^jLy^>if\zj:m^-t 

(e) ?i^fe^irov''Jn>l<^±{c, y^)zi>m^x.}d^^y^)V^^l^X, 

(g) wiHxig ( f ) xm^^nrziy'j-^iym^mt^knmn.'pxmmmLx 
^mm<D-^^mit l j^es $ -> u □ >^fi:^ ^ x <y ^ > 0 1^>* l 
T, mfi-yun>m^mm<Dm-^izmmt^xut. 

5 3. mmn-:>rzmi(D>'0:2>m^m^(Dm^\zr^mAz, muxm (c) ~ 
( d) 2 i5ie^±^ *)m-tz.t ^^WLtt^mi!^<Dmmm 5 2 «tciEico¥#^^5=^ 

54. MIEXS (f) (i:fe(.iTJgfi£$ntv'j3>li^:BfIIHXg (b) 
nfcS^^Bfb$nfc^l(7)i/'J=!>gi:WJ:b. mFiSXg (c) ~ (f) 5:, 211] 
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(c) wieM (b) -e?^^$nfc->'Jii>Mis^x«y^>ynj;oi^*-r 

^ 2 (D -> 'J □ >M * J^fig-r S . 

if) mmnn (e) -cjgfiKsnfcvu 3>s^&^{t:tt#H^4'TMSbT 

5 6. mBin^rz^i<Di^'jn>m^m^(Dm-^\z-r^mz. mt^xm (b) ~ 
( c ) ^ 2 m&.±m 0 jIT d t ^iHfm<!:-rs^*c)iBs^ 5 5 m\zum<Di¥^mi^7' 

57. tfllBXg (e) {C*3V^TJ^fig^n^C'>U=i>l&ifEXg (a) TfJ^Bg^ 
nfcmi<Dx'jD>l<i:^;^j:L. WEXg (b) ~ (e) zm^s^m^Mrz 
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